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Fig 3

Free Energy Driven Process with Electrical Input
(Acidic, Buffered, Neutral & Basic Systems)
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Steam Methane Reforming System {(SMR)
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Fig 6
Electrochemical Reforming System
Oxidizable Reactant: CHyOH : Reactor i Product: SH;
: —>
: Electrolyte: Yes H
Reduciblo Reactant 0 : | Conductive Catalyst: Yes !
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> ey
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Fig 7
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Fig 11

: INPUTS

: Fossil Cold
Air Fuel Water

0
®eunvennsanauaranIsst R IsEIN R sRIRSNARARE IAREIERIRAR TS Ry T PR PN R R A g

Steam
Generator

'
H20 steam :
"
[}
[}
[ ]
4 DA '
Scrubber |1 : :
L ;
. . 1]
M ’
. . 1
ash solids Lo .
.o '
vYY . . [}
M :
Recovery : '
Do '
. . '
. : [3
Do ' 4
Lo '
D eeeeeaes Cereeseaeas ereesroaaraes Thermal
: ' Management
® ciseevetsvesartssrnsenn :u ............ ) Subsystem
gases ' -
1
' .
] .
1 .
A 4 \ 4
i solid CO, Electricity Waste ~ Warm
i waste Nz, NOx Heat Water H
& H0 oUTPUTS

4N e et NSNS NSNS IR N ARSI RO TR T NN AR NeI IR0 TN INNISIIREINIINNIRENENATIRIIRINICIIVERITOINLY

6/20
SUBSTITUTE SHEET (RULE 26)



WO 2021/162799 PCT/US2021/010002

Fig12
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Fig 13
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Fig 14
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Fig 16
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Fig 17
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Fig 20
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Fig 21
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Fig 22
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Fig 23
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Fig 28
Natural Gas to LNG to SMR Hydrogen 433 kg

N

Liquefaction,
1,000 MJ Natural Gas transportation & 820 MJ Natural Gas
regasification

615 MJ Hz Cl# 85.62

This path could reduce primary input by 35% per kg H;

" Natural Gas to Methanol to ECR Hydrogen

Methano!
synthesis &

1,000 MJ Natural Gas
transport

800 MJ Methano!

6.64 kg
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94 MJ of heat of
neutralization (AG)

ﬂ

944 MJ H2 > Cl# 55.78

< " Moty

grads waste
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{ Natural Gas to LNG to SMR Hydrogen

Liquefaction,
1,000 MJ Natural Gas transportation &

233 kg

820 MJ Natural Gas >

615MJH, >  CI#85.62
SMR

This path could reduce primary input by 41% per kg Hz

' Biogas to Methanol to ECR Hydrogen

723kg

1,028 MJH Cli#0
Msthanol ECR
1,000 MJ Biogas > Synthesis & 871 MJ Methanol 168 MUof fow
regasification prtio wiste
h 102 MJ of heet of haat ()
nautralization (AG)
Fig 30
{ Bi rici
g Biogas to Electricity 2,117 ki
1,000 kg of biogas @ 55% CH4 = 778.8 Nm3 > Recin -
Power Plant
16.51 MMBTU 45% afficiant
2.85 BOE
17.38 GJ
{ Biogas to H: to Electricity 2743 KWh
* BT, E—
I 1,000 kg of biogas @ 55% CH4 = 778.8 Nm3> 208 MMBTU Recip
ECR .59 BOE Power Plant
16.51 MMBTU 21.9GJ 45% efficient
2.85 BOE o
17.38GJ S
6.8 MMBTU wasta heat (AH)
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Renewable Electricity

( 1 MWh (3.59 GJ) electricity >

Electrolyzer

ion, Transport

| ——————————

20 kg M2 (2.84 GJ)

& Distribution

to customers

11-14 kg* Hz (1.54 GJ)

‘this amount depandent on distance,
distrbution logistics & final use
requinments

2.8 x increase in gross H2/kWh - 5 x increase in net

Renewable Electricity

1 MWh (3.59 GJ) electricity

782 kg carbonized shury

<

56 kg Ha (7.95 GJ)
——

[ o orizer 97 kg haxane ECR (AH) 1.42 GJ - wastes heat
1,33 GJ low grade heat
e “ 513 kg decarbonized slurry > H
{86)2.306J - heat of neulrallzstion |
Fig 32
{" Ammonia
D 1 to customers
H . . 60.3 kg Ammonia
1 MW etectricity Electrolyzer | 20 kg H2 Hydro- 106 kg H2 = 150 GJ [, 10.9kg Hz = 1.50 GJ
i asee 2846 smtaten 17.6 wi% aanalen
35.5% overall efficiency

5 x increase in net Hz: per kWh

{" Bicarbonate/Carbonate

762 kg carbonized slumy

56 kg H2 = 7.95 GJ

1 MWh (3.59 GJ) electricity > E

9.18 wt% P ———

Decarbonizer ECR H

{ 97 kg hexane (AH) 1.42 GJ - waste hogt :

1.33 GJ low grade heat {AH) i

86% overal efficiency 513 kg decarbonized surry > (4G) 2,90 GJ - heat of novtralization
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1,000 kg CO2
8,961 MJ AG

513.7 kWh electricity
1,849 MJ AH

Low-Grade Heat
2,984 MJ AH

CCR

internal exothermic
AG recovered
10,709 MJ AG
Total In =27,508 MJ
Total Out = 15.766 MJ

Overall Efficiency = 57.31%

(electricity need 3.7 kWh/gallon)

138 gallons CeH1a
522 liters
326 kg
15,766 MJ AH
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Fig 35
1,000 kg CHs
52,225 MJ AH E CR
internal exothermic
AG recovered
33,074 MJ AG 502.64 kg H2
2,246 kg H:0 TotalIn  =91,133 MJ 71,465 MJ AH
29,564 MJ AG Total Out = 71,465 MJ
Overall Efficiency = 78.42%
175.2 kWh electricity
630.7 MJ AH
{electricity need 0.35 kWh/kg Hz)
| =
Low-Grade Heat
5,659 MJ AH
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